A retrovirus endogenous to guinea pig cells was earlier shown to be morphologically similar to type B and type D prototype retroviruses. Molecular hybridization techniques were used to show that guinea pig virus nucleotide sequences are endogenous to both domestic (Cavia porcellus) and indigenous (Cavia aperea) guinea pigs, but cannot be detected in the DNA of either other hystricomorph rodents or other mammals tested. Using radioimmunological techniques designed to detect interspecies relationships, the major internal polypeptide of guinea pig virus (p26) was shown to share three different sets of interspecies antigenic determinants with squirrel monkey retrovirus, viper retrovirus, and mouse mammary tumor virus. Thus, guinea pig virus appears to provide an evolutionary link between type B and D retroviruses.
A retrovirus endogenous to guinea pig cells was earlier shown to be morphologically similar to type B and type D prototype retroviruses. Molecular hybridization techniques were used to show that guinea pig virus nucleotide sequences are endogenous to both domestic (Cavia porcellus) and indigenous (Cavia aperea) guinea pigs, but cannot be detected in the DNA of either other hystricomorph rodents or other mammals tested. Using radioimmunological techniques designed to detect interspecies relationships, the major internal polypeptide of guinea pig virus (p26) was shown to share three different sets of interspecies antigenic determinants with squirrel monkey retrovirus, viper retrovirus, and mouse mammary tumor virus. Thus, guinea pig virus appears to provide an evolutionary link between type B and D retroviruses.
An endogenous guinea pig virus (GPV) was first detected after treatment of guinea pig cells with 5-bromo-2'-deoxyuridine (13) . This virus was variously described as a type C virus (13) , similar to the "guinea pig leukemia virus" (19) , or similar to the prototype type B virus, mouse mammary tumor virus (MMTV) (7) . Thus, although it has been shown that GPV is distinct from mammalian type C retroviruses, GPV has not been unambiguously classified on a morphological basis. More recently, GPV has been shown to possess physical and biochemical properties which are similar to those of the mammalian type B and D viruses, where MasonPfizer monkey virus (MPMV) is the type D prototype. The density of GPV in sucrose and CsCl gradients corresponds closely with the densities of both MMTV and MPMV, as opposed to murine leukemia virus (MuLV: 15). Moreover, the reverse transcriptases of GPV, MMTV, and MPMV require Mg2" for optimal activity, whereas MuLV requires Mn2" for optimal activity (15, 21, 22) . However, neither the use of molecular hybridization techniques nor a variety of immunological procedures has provided evidence of relatedness of GPV with either MMTV or MPMV (15, 21, 22) . In the present report, we utilized highly sensitive radioimmunological techniques in the search for an immunological link between GPV and representatives of the major classes of oncogenic retroviruses.
MATERIALS AND METHODS
Viruses. GPV was obtained from cloned guinea pig cells (parental cell lines obtained from C. H. Evans (2 x 107 cpm/tg) was purified as previously described (24) . Viral 70S RNAs were isolated from detergent-lysed virions by sedimentation through glycerol gradients (9) . Radioactive guinea pig uniquesequence cellular DNA was isolated from guinea pig cells labeled for 16 (24) . DNA was prepared from tissues and cultured cells by standard techniques (5) and was fragmented to a mean length of 450 nucleotides by mechanical shearing in a VirTis model 60K homogenizer (5) . Hybridization reactions were performed in a solution consisting of 0.6 M NaCl, 0.02 M Tris-hydrochloride (pH 7.5), and 0.1 mM EDTA at 68°C for DNA-RNA mixtures or 62°C for DNA-DNA mixtures. The extent of hybrid formation was determined by digestion with singlestrand-specific S1 nuclease (3) . The details of these methods have been published (24) . Data are expressed in terms of Crt and Cot (product of moles of nucleotide per liter times seconds) for RNA-DNA and DNA-DNA reactions, respectively, and have been corrected to 0.18 M Na+ (5) .
Purification of viral proteins. The major structural proteins of representative type B (MMTV), type C (Rauscher MuLV, RD114), and type D (SMRV, MPMV) viruses were purified by previously described methods (12, 14, 17, 18, 25) . Analogous methods were used to purify the major structural proteins of viper retrovirus (VRV) (1) . For isolation of the major structural protein of GPV, virions were disrupted with 1.0% Triton X-100 at pH 9.0 and centrifuged at 100,000 x g for 60 min. The supernatant was dialyzed against 0.01 M N,N-bis(2-hydroxyethyl)-2-aminoethanesulfonic acid (pH 6.5)-0.001 M EDTA-0.1% Triton X-100 and applied to a phosphocellulose column ( (15) .
Survey of New World hystricomorph rodent DNAs and other mammalian DNAs for sequences related to GPV. The domestic guinea pig was brought to Europe by Spanish explorers apparently around 1580 (26) . Although GPV has been shown to be endogenous to the domestic species (Cavia porcellus) (16), it is not known if related sequences are present in native guinea pigs or in other New World rodents which belong to the order Hystricomorpha. Table 2 shows the results of attempts with either 3H-labeled GPV cDNA or 3H-labeled guinea pig unique-sequence cellular DNA to demonstrate Thus, we initiated the immunological characterization of GPV p26 after its purification by sequential phosphocellulose and gel filtration chromatography. The purity of the iodinated GPV p26 is illustrated in Fig. 2 . lodinated GPV p26 was precipitated to an extent of greater than 80% by antiserum to GPV. In a competition radioimmunoassay (RIA) using '25I-labeled GPV GPVp26 . The rabbit antiserum to GPV was used at a limiting dilution so that about 40% of the probe was bound in the absence of competing antigen. Reaction conditions are as described in the text. Results are expressed as the number of counts per minute in the precipitate, so that competition is indicated by a decrease in the binding of iodinated p26 to antibody. Competing antigens: 0, unlabeled GPVp26; A, GPV; E, MPMV; V, RD114; 0, MMTV; A, SMRV; O, feline leukemia virus. '25I-labeled GPV p26 and anti-GPV serum to bind '25I-labeled MMTV p28. The results are presented in Fig. 4 and Table 4 . When limiting anti-SMRV was used to precipitate '25I-labeled GPV p26 (Fig. 4) , both SMRV and GPV competed completely, although GPV competed somewhat less efficiently. No other retroviruses tested demonstrated any reactivity in this assay.
Fetal bovine serum and cell extracts from virusnegative guinea pig and dog cells also were nonreactive (data not shown). When anti-VRV was used to precipitate '25I-labeled GPV p26, VRV and GPV both competed completely and with similar efficiencies (Table  4 ). The other retroviruses tested were nonreactive with the exception of SMRV, which com- peted to a maximum extent of only 40%. Finally, when anti-GPV was used to precipitate MMTV p28, both MMTV and GPV competed completely and with comparable efficiency (Table  4) , whereas the other retroviruses tested were completely nonreactive. As further specificity controls, neither fetal bovine serum nor extracts of uninfected cells competed.
The fact that VRV, MMTV, and SMRV grown in cells of diverse species gave identical competition curves demonstrated the virus specificity of those reactions. This experiment could not be performed with GPV, since GPV is not known to be infectious for cells of heterologous species. To further confirm the virus specificity of GPV reactivity, disrupted virus preparations were chromatographed on molecular sizing columns by using nondenaturing conditions, and fractions were assayed for competition in both the homologous radioimmunoassay and appropriate interspecies radioimmunoassay. The immunological reactivity in both assays comigrated at a position corresponding to an apparent molecular weight of approximately 25,000 (data not shown). Table 4 summarizes the extents of competition observed in all three assays and illustrates how each assay detects a unique set of interspecies determinants. Thus, in an assay in which SMRV and GPV competed fully, MPMV did not compete even though it also shares interspecies determinants with SMRV. Figure 5 summarizes the available information regarding the interspecies determinants associated with the various retrovirus major structural proteins detected in different immunoassays. It is evident from this scheme that GPV plays a key role in linking immunologically, and hence probably evolutionarily as well, a number of retroviruses previously thought to be unrelated. (7, 15) . GPV has also been reported to resemble MMTV and MPMV with regard to biochemical and biophysical parameters that distinguish these viruses from type C viruses (15, 21, 22 (Table  3 ). The specificity of these results was established by the development of appropriate competition immunoassays. As the network of immunological reactivities in Fig. 5 indicates, GPV was shown to be immunologically related to MMTV, VRV, and SMRV. This is the fit demonstration that GPV is related to other retroviruses. It cannot be excluded that these assays detected determinants resulting from convergent evolution of structural proteins having a common and essential function. However, the fact that each assay detected a different set of interspecies determinants indicates that the relationships demonstrated are likely to be due to evolutionary divergence of all of these viruses from a common progenitor. (4); however, related viruses are also horizontally transmitted within some primate species (6, 12) . Thus, it seems likely that the very diverse spectrum of species possessing these immunologically related endogenous viruses must be due at least in part to their acquisition as a result of relatively recent interspecies transfer.
